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NANOTECHNOLOGIES

HaHo4acTu, SiO, B ykasaHHOM AnanasoHe KOHLEeHTpauui. [laHHble 3aKOHOMEPHOCTU XapaKTepHbl Kak
AN nokasartens "3Heprus npopactaHus ceMsH", Tak U AJ1a nokasartens "BCX0XeCTb ceMsiH", 04HaKO OHU
He Bcerga coBnajaoT A/ OQHOM U TOM Xe Ky/bTypbl U cOpTa. Bo MHOIMX c/ly4asx ruapoTepMaibHbii
HaHOKpeMHe3eM Crnoco6CTBYeT MOBbLIWEHUIO 3HEpPruM MpopacTtaHus ceMaH (Ha paHHel cTaguu

npopactaHus) B 60/ibLIel CTEMEHN, YeM BCXOXKECTU.

The research is devoted to the study of the influence of hydrothermal nanosilica of different
concentrations (0.05%, 0.01%, 0.005%, 0.001% and 0.0005%) on seed germination of 11
agricultural plants (15 genotypes). Four types of reaction of germinating seeds to the effect of
SiO, nanoparticles in the specified concentration range have been established. These patterns
are typical for both the "seed germination energy" and "seed rising ability" indicator, but they
do not always coincide for the same crop and variety. In many cases, hydrothermal nanosilica
contributes to an increase in seed germination energy (at an early stage of germination) to a

greater extent than rising ability.

BBEJEHWUE

OOHKM H3 NepClHeKTHBHBIX HANlpaBJIeHUU yl1yd-
IIeHHs [IPOPACTAHUS CeMSH B YCIOBUSIX OTKPBITOIO
Y 3alllUILEeHHOr0 FPYHTa SIB/ISIeTCsl MCIIO0Ib30BaHMe Pery-
JIITOPOB POCTa PACTEeHUH, B YaCTHOCTH, HAHOPa3MePHBIX
dopm kpeMHesema (THK). HammpaBieHue 110 BbI/Ie/IeHHIO
HAHOAMCIIEPCHOr0 KpeMHe3eMa FUAPOTepMaIbHOIO I1PO-
HCXOXK/EeHHU S aKTHBHO Pa3BUBaeTcs B Poccuu mocien-
Hue 20 et [1-3].

B KavecTBe CbIpbs AJIs1 IOJIyUeHUs 3TOr0 MaTepHaia
KCIIO/IB3YIOTCS IIyOMHHBIE BOABL K3 CKBASKUH THAPO-
TepMaJsbHOM 3JeKTPOCTAaHLIMK MyTHOBCKOM [e03C
(Kamuarka). Mcronp30BaHMe HAHOYACTUI] KpeMHe3eMa
13 [IPHUPOIHBIX Fe0TepMaJIbHBIX BOJL OTKPbIBAET II€PCIIeK-
THBBI I POKOMACIITAOHOTO ITPUMeHEeHH I HOBBIX ITPH-
POIHBIX PecypCoB [/Isl Pa3BUTH I HAHOTEXHOIOT MU IIPH

CO3/JaHUY MHHOBALIMOHHBIX IIPOAYKTOB. CyIlleCTBeHHBIM
MOMEHTOM JIJIS1 TAKHX [I€PCIIEKTUB SABJISAIOTCS BhISBJIEH-
Hble B pe3y/IbTaTe MHOTOJIETHHX MCCIe[JOBAHUH aBTOPOB
OroIornyuecky akTUBHBIe cBorcTBa HK, criocobcTByto-
I K€ TIOBBIIIIeHH IO TPOIyKTUBHOCTH Ce/IbCKOXO3SIICTBEH-
HBIX PaCTeHHH 1 )KUBOTHBIX [4-12]. Ba>KHBIM acIIeKTOM
SIBJISIETCSI 3KOJIOTHYecKast 6e30I1acHOCTh UCIIOTb30BAHHS
3TOr0 IIPUPOJSHOr0 HAaHOMaTepHaa [12],

KpeMHe3eM obpasyeTcs B rHAPOTePMAJIBHOM pac-
TBOpe U3 MOJIeKY/l OPTOKPeMHHeBOK KHC/IOThI, HAaX0-
OSIIeHCS B HefpaX TMAPOTepMaIbHBIX MeCTOPOXK/Ie-
HuH. [Toc/le BEIXO[A pacTBOpa Ha IIOBEPXHOCTD €ro TeM-
repaTypa CHHUXKAeTCS, M OH CTAHOBHMTCS IIePeChIlIeH-
HBIM OTHOCHTE/IBHO PACTBOPUMOCTH aMOPGHOro Kpem-
He3eMa, YTO 3aIlyCKaeT HYK/IeALHIO U IIOJIMKOHIEH A~
LIKIO MOJIEKY/I KpEMHEKHC/IOThL. B pe3y/israTe B pacTBOpe

INTRODUCTION

One of the promising directions to
improve seed germination in open
and protected ground is the use of
plant growth regulators, in par-
ticular, nanosized forms of silica
(HNS). The direction dealing with
of isolation of nanodispersed silica
of hydrothermal origin has been
actively developing in Russia for the
last 20 years [1-3].

Deep waters from the wells of the
Mutnovskaya GeoPP (Kamchatka)
hydrothermal power station are
used as raw materials for obtain-
ing HNS. The use of silica nanopar-
ticles obtained from natural geo-
thermal waters opens up prospects

for large-scale use of the new nat-
ural resources for the development
of nanotechnologies when creat-
ing innovative products. An essen-
tial point for such prospects are the
HNS biologically active properties
revealed as a result of many years
of research by the authors, which
contribute to an increase in the pro-
ductivity of agricultural plants and
animals [4-12]. The environmental
safety of using this natural nano-
material presents an important
aspect [12].

Silica is formed in a hydrother-
mal solution from orthosilicic acid
molecules found in the depths of
hydrothermal deposits. After the

solution reaches the surface its tem-
perature decreases and it becomes
supersaturated with respect to sol-
ubility of amorphous silica, which
triggers nucleation and polyconden-
sation of silicic acid molecules. As a
result, colloidal particles of hydrated
silica nSiO,xmH,0 are formed in
the solution. Due to dissociation of
the surface silanol groups of SiOH
and elimination of the H* proton,
the surface of particles acquires a
negative electric charge. The electro-
static repulsion forces prevent coag-
ulation of particles and determine
the stability of colloidal silica in a
hydrothermal solution. As a result,
spherical silica nanoparticles of
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GOpMUPYIOTCS KOJUIOUAHBIE YaCTHULIBI TUAPAaTHUPOBAH-
HOro KpeMHe3eMa nSiOz~mHZO. H3-3a gucconuanyuu
[IOBEPXHOCTHBIX CHJIAHOABHBIX Ipynn SiOH u oTmie-
IJIeHUsI TPOTOHA HY MOBepXHOCTh YaCTHLL ITprobpeTaer
OTPHULATENIBHBIN 3/IeKTPUYeCKUM 3apsf,. CUJIBL 3JIeK-
TPOCTATHUYECKOI0 OTTAJIKMBAHU A IIPEIIATCTBYIOT KOa-
TYASLAK YaCTUL U 00yCIOBIMBAIOT YCTOMYHUBOCTD
KOJJIOMJTHOI'O0 KpeMHe3eMa B TUAPOTepMaabHOM pac-
TBope. B pe3ynbraTe GOPMUPYIOTCA ChepHUeCKUe
HaHOYACTHUIB KpeMHe3eMa paguycaMmu 5-100 HMm
[1-3]. Comepskanue SiO, B 301X KpeMHe3eMa IIPHU
KCIIO/Ib30BAHUU YIBTPAadUIbTPALIMOHHBIX MeMOpaH
OBIJIO LOBELeHO aBTOpaMHU cTaThu 10 100-600 r/mm3.
I1710THOCTBD 30/1e Oblia B npepenax 999-1325 r/mm3,
JUHaMHUecKas BSA3KOCTh - 1-150 mIla-c, paguycel
YacTUL, KpeMHe3eMa - 5-135 HM, [A3eTa-IIoTeHIIHall
yactur - (-32,4...-42,5) MB. YnpTpadunsrpanus obe-
ClleyrBaeT JOCTATOYHO HHU3KOe COOepskaHUe IIPHU-
MeceHt M CTabHMIPHOCTH BOAHBIX 30/IeHl KpeMHe3eMa
BIUIOTH [0 CAMBIX BBICOKHX cofep>kaHUH SiO,, KOTo-
PBIX HaM yIajI0Ch JOCTHYb B TEXHOJIOTMYECKUX SKCIIe-
puMeHTax - 10 600 r/gm3. 310 COOTBETCTBYET CTeIIeHHU
KOHIIeHTPUPOBaHU A 1500 KpaT B CpaBHEHHH C COLEp-
>JKaHHeM KpeMHe3eMa B UCXOOHOM THIpPOTepMallb-
HOM pacTBOpPe U OTKPBIBAeT IIePCIIeKTHBbI UCII0Ib30-
BaHM S HOBBIX IIPHUPOAHBIX MUHEPATbHBLIX PeCypCcoB
Ha IIpaKTHKe.

[IlpumeHeHune THK B pacTeHHeBOACTBe U broTex-
HOJIOTUHU MOKET paCCMaTPUBATBHCS KaK OJHO U3 IIep-
CIIEKTHUBHBIX 3KOJIOTUYECKU YHCTHIX TEXHOJOTUYe-
CKHX HaIlpaBJIeHUH I10 IPUPOAOIIOAOOHBIM TeXHO-
JIOTHSIM MCII0JIb30BaHHS MHHEPaJbHBIX pPeCypCcoB

IJIsI pAaCTeHHEeBO/ICTBA, BeTePHHAPUH U OHOTeXHOJIO-
rum [4-12],

Pa3paboTKa GU3UKO-XMMHUYIECKHUX OCHOB bHOTEX-
HOJIOTHH MPeLAIoceBHON 06paboTKU ceMsH pacTe-
HUH HaHOYACTHUIAMH PA3IHYHON IPUPOJBI HE0bX0-
JUMa [IJIsl IOHKMMaHUS POJIU reHeTU4YecKoro (CopTo-
BOI'0) U 3MIUTeHeTHYeCKHUX GaKTOPOB XMMHUYIECKOI0
U QH3HKO-XMMHUUYECKOI0 COCTaBa KakK 060104KkH
ceMsiH, TaK K PaCIIOJIOXKeHH s Pe3epBHBIX IHUTATeNb-
HBIX BellleCTB BHYTPH CeMeHHU, aKTUBAIHS K UCIIO/Ib-
30BaHHe KOTOPBIX HAauKMHAeTCsl IIPU YBIaKHEHUU
CeMSIH C CO3/laHHeM YCJI0BHUH [JIsl IPOPAacTaHHUS KaK
B II0JIEBBIX YCJIOBUSAX, TaK U B JIaDOPaTOPHBIX, IIPU
BKJ/IIOUEHHUH B CHCTEMY IIPOPACTAOIIUX CEMSIH HOBOT'O
dakTopa BO3IeHNCTBUS - HAHOYACTHUI] THAPOTePMasb-
HOro KpeMHe3eMa [13]. B cBSI3U C aKTUBHBIM Pa3BU-
TreM 6MOHAHOTEXHOJIOTHMH B IIPUJIOKEHUH K CETIBCKO-
XO3SIICTBEHHOM HayKe ITocefHHUe 10 jeT B3auMofel-
CTBHe PACTeHUI C HAHOYACTHULIAMU PA3IUYHOMN [IPU-
POZEL Ha pa3HbIX 3TAllaX OHTOreHe3a aKTHBHO HcCIIe-
IyeTcsl yUeHBIMHU Pa3HBIX CTpaH [14-21].

[IepBBIM 3TAIIOM BereTallUH PAacTeHHUH SIBISETCS
UX IIPOpacTaHUe B cpefie 0OOUTaHUS, YCIOBUS KOTO-
PO¥ MOKHO MOZIeIMPOBATh B 1a60PATOPHUU IJIs U3y~
YeHU S TUMUATHPYIOMUX GaKTOPOB IPOLYKTUBHOCTH
pacteHui [14]. MccnenoBaHuUS B 9TOM HallpaBleHUH
B YCJIOBHUSX CO3[aHHS OGHOPOLHOCTH MOJEIHPOBA-
HUSI IIPOLIeCCOB B3aMMOJEHCTBU S HAHOYACTHII C pas-
JTUYHBIMU I10 XapaKTepUCTHKAM CeMeHaMH Pa3sHo06-
Pa3HBIX BUJOB PAacTEeHU I103BOJSIIOT CUCTEeMATHU3U-
POBAaTh 3KCIIEPUMEHTAIbHEIE JAHHBIE [10 O HOPOLHO-
CTH IIPOSIBIEHU S OTK/IKKA IIPOPALIMBaeMBblX CEMSH

5-100 nm radii are formed [1-3]. The
content of SiO, in silica sols using
ultrafiltration membranes was
brought by the authors of the arti-
cle to 100-600 g / dm3. The density
of the sols was in the range of 999-
1,325 g/ dm?, the dynamic viscosity
was 1-150 mPaxs, the radii of the sil-
ica particles were 5-135 nm, and the
zeta potential of the particles was
(-32.4...-42.5) mV. Ultrafiltration
provides for a fairly low content of
impurities and stability of aque-
ous silica sols up to the highest SiO,
contents that we have been able to
achieve in technological experi-
ments - up to 600 g / dm?3. This cor-
responds to a concentration of 1,500

times compared to the silica content
in the initial hydrothermal solution
and opens up prospects for practi-
cal use of the new natural mineral
resources.

Application of the HNS in crop
production and biotechnology can be
considered as one of the promising
environmentally friendly technolog-
ical directions for nature-like tech-
nologies using mineral resources for
crop production, veterinary medi-
cine and biotechnologies [4-12].

Development of the physico-
chemical basics of biotechnology for
the pre-sowing treatment of plant
seeds with nanoparticles of various
nature is necessary to understand

HAHO MHAVCTPHA Tom 13 Ne 6 (100) 2020

the role of the genetic (varietal) and
epigenetic factors of the chemical
and physicochemical composition of
both the seed coat and the location
of reserve nutrients inside the seed,
which activation and use begins
with moistening seeds and creation
of the conditions for germination
both in the field and in the labora-
tory, inclusing a new factor of influ-
ence in the system of germinating
seeds - nanoparticles of hydrother-
mal silica [13]. In connection with
the active development of bionano-
technology in the agricultural sci-
ence, the interaction of plants with
nanoparticles of various natures at
different stages of ontogenesis has
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B KOJIMYeCTBEHHBIX [TapaMeTpax 3Hepruu Ipopacra-
HMS U BCXOXKECTH, YTO 7151 Pa3HbIX BUJ0B CeJIbCKOXO-
39MCTBEHHBIX PACTeHUI CTAaHAAPTHU30BAHO II0 yCJI0-
BUSIM OLIeHKHU 3THX IIapaMeTpPOB B HOPMAaTHUBHBIX
NOKyMeHTaX Ha YpOBHe IOCYZapCTBeHHBIX CTAHIAP-
ToB (TOCT) UK TeXHUYeCKUX YCJIOBUU AJIS CIydaeB
MaJIOMCIIONb3yeMbIX Ha IIPAKTHKE UK HOBBIX BHU/IOB
MHTPOAYLHUPYeMbIX PACTEHHUH B HOBBIX KJIMMaTH4e-
CKHX YCJIOBHSIX Ha TEPPUTOPHUH POCCHH.

KoHe4yHas Lejb JIOOBIX CHCTEMHBIX Hay4YHBIX
HCCIelOBAaHUM — IIPUMeHeHHe Ha NPakTHKe HOBBIX
3HAaHUN U METOO/IOTUU TeXHOTOTMYeCKHUX IIPHEMOB
UX NPUMeHEeHUs B COPTOBBIX TEXHOIOTUSX IIPeJIIo-
ceBHOI 06paboTKMU B pacTeHUEBOACTBE OTKPBITOTO
Y 3aIHIeHHOr0 TPYHTA, a TakyKe II0/y4eHHe HOBOTO
BHUJA [IHIIEeBON IPOAYKLUHU — IPOPOLIEHHBIX CeMSH
Y MHKPO3eJIeHHU C IIOBBIIIEHHON OHMOTOrM4eCKOM LieH-
HOCTBIO I10 COZIeP>)KaHUI0 GH3HO0I0TMUeCKH aKTUBHBIX
OHMOXMMUYECKUX KOMIIOHEHTOB KaK IIPOAYKTOB dep-
MeHTAaTHBHBIX IIPOLIECCOB TeTePOTPOPHOro MUTAHUS
CeMsIH B TeMHOTe HJIH IIPU eCTeCTBeHHOM, COJTHeu-
HOM HJIM HCKYCCTBEHHOM CBETOJHOHOM OCBELeHHH,
IIMPOKO KCII0/Ib3yeMOM B IIOC/TIeHHE TOJbl Ha IIpaK-
THKe IIPU MOJe/NHPOBAHUU Cpefbl 0OOUTaHUS pacTe-
HHUU U ee H3MeHeHHUH B arpobroTexHocucTeMax [14].

Llesnbr0 HacToOsIMEeHN PaboThl ABASIIACh CKPUHUH-
ropasi 3KCIlepMMeHTaJIbHas OlleHKa OTK/IHKa CeMSH
Pa3HBIX CeJIbCKOXO035IMCTBEHHBIX KY/IbTYP Ha X IIpef-
IO0CeBHYI0 00paboTKy HAHOYACTHLIAMH KpeMHe3eMa
TUJPOTepMaJIbHOIO IIPOUCXOKAEHUSI B IMHOM IIIKaJle
KOHLIEHTPAL[KMH HAHOYACTHLI IIPK TeMHOBOM JIabopaTop-
HOM ITPOpallMBaHUH.

MATEPWUA/IbI U METO/LbI
B COOTBETCTBHH C Lie/IbI0 SKCIIePUMEeHTaIbHOK PaboThl
H3y4asIoch IPOpacTaHUe ceMsiH 11 ceJIbCKOX035IHCTBEH-
HBIX KYJIBTYpP Pa3HOro Ha3Ha4deHHUs (OBOIIHBIX, Mac-
JTUYIHBIX, KOPMOBBIX, JIEKAPCTBEHHBIX), OT/IMYAIONIIHXCSI
110 61OIOrUYeCcKUM 0CODEHHOCTSIM, TeHeTHYeCKOH ITPH-
pole, XUMHYeCKOMY U GU3HKO-XHUMUUECKOMY COCTaBY
Y CTPOEHHUIO CeMSTH M BX KOSKYPBL. Bcero m3y4eHo 15 reHo-
THIIOB, BKJIIOYasl pa3Hble BU/IbI, COPTA U THOPHU/IBL.
[IpopamuBaHUe CeMSH IPOBOJHUJIHN B TeMHOTE
corimacHo ['OCT 12038-84. "CeMeHa CeJIbCKOXO3SIHICTBEH-
HBIX KYJIbTYyp. MeToAbl oIlpelie/leHHUs BCXOXKeCTH"
1 TOCT 22617.2-94. "CeMeHa caxapHOM CBeK/Ibl. MeTobl
oIpefiesieHHUs BCXOKeCTH, OLHOPOCTKOBOCTH U HoOpo-
KaueCTBeHHOCTH" C U3MEeHEeHHUSMHU: BMeCTO GUIIBTPO-
BaJIbHOM 6yMaru HMCII0b30BaJIN IIOAJIOKKY U3 MHHe-
pasibHOM BaThl. [IpopauiyBaHUe IIPOBOLUIN B KaMepe
CHUHEProTpOHA — IKCIIEPUMEHTAIBHOM 06pa3lie MOZLeIH
HCP 1.01 (pa3paboTka AHO "MIHCTUTYT CTpaTerui pas-
BUTHUS"). [I0NTHB OCYLIECTB/ISIN JUCTU/IINPOBAHHOMN
BOZIOH I10 Mepe IIOJCHIXaHHU S IIOJIOKKH. TeMIiepatypa
npopamuBaHus 23-24°C, MOBTOPHOCTh TPeXKpaTHas.
I[TpenrmoceBHYI0 06paboTKy HAHOYACTUIIAMHU THAPOTEP-
MaJIBHOTO KpeMHe3eMa IIPOBOU/IM ITyTeM 3aMavyHBa-
HUS CeMSIH B TeUeHHe 2 Y B JUCTHILPOBAHHOM BOJie
(KOHTPOJIB) M BOLHBIX 307X IHIPOTEPMAIBHOIO HAHO-
kpeMmHe3eMa (THK) pa3Hbix KoHIleHTpauu# (0,05; 0,01;
0,005; 0,001 1 0005%). UcK/Ir0UeHHEeM SIBISIMCh CeMeHa
COH, IJle 3aMadyHrBaHUe ITPOBOJU/IN B TeUeHHe 15 MUH.
[IpenBapUTEeNIbHBIMU 3KCIIEPUMEHTAMU OBINIO ycTa-
HOBJIEHO, YTO HaJIbHeNIIee yBeTHYeHHe [TPOLOJISKH-
TEeJIBHOCTH 3aMaYMBaHHUS He IIPUBOLUT K YBETHUEHHUIO

been actively studied by scientists
from different countries [14-21].

The first stage of plant vegetation
is their germination in the habitat
such conditions can be simulated
in the laboratory to study the limit-
ing factors of plant productivity [14].
Research in this direction in the
conditions of creating uniformity
of modeling the interaction pro-
cesses of nanoparticles with seeds
of different characteristics of vari-
ous plant species makes it possible
to classify the experimental data
according to uniformity of the ger-
minated seeds response in quanti-
tative parameters of germinative
energy and germinating ability,

which has been standardized for
different types of agricultural plants
according to the conditions for eval-
uating these parameters in regula-
tory documents at the level of state
standards (COST) or technical speci-
fications for the cases little used in
practice or for the new species of the
plants introduced in new climatic
conditions in the territory of Russia.

The ultimate goal of any systemic
scientific research is the practi-
cal application of new knowledge
and methodology of techniques in
varietal technologies of pre-sow-
ing treatment in crop production
of the open and protected ground,
as well as obtaining a new type of

food products - germinated seeds
and microgreens with increased
biological value in terms of the con-
tent of physiologically active bio-
chemical components as products
of enzymatic processes of hetero-
trophic seed nutrition in the dark
or under natural solar or artificial
LED illumination, which has been
widely used in recent years in prac-
tice when modeling the plant habi-
tat and its changes in agrobiotech-
nological systems [14].

The purpose of this work was a
screening experimental assessment
of the seeds response of different
agricultural crops to their pre-sow-
ing treatment with nanoparticles of
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Puc.1. PacnpedeneHue yacmuy, M'HK no pasmepam
Fig.1. Size distribution of HNS particles

KOJIMYeCcTBa MOIVIOUIEHHOI0 CeMeHaMU BOJHOIO pac-
TBOpA C [IperapaToM, a LieJIOCTHOCTb CeMSIH COM HapyIla-
€TCsl ¥ OHH JIerKO TPaBMH PYIOTCS IIPH II0CEeBe.

B paboTe misi Bcex 3KCIIEPUMEHTOB HCIIOJIB30-
BaJIM UCXOOHBIM BOAHBIN 30/1b 'HK c KOHIIeHTpa-
LueHn HaHovacTull SiO, 37,5 macc. %, IOAy4eHHBIN
MeToAaMu ynbrpadunsTpanuu B HUI'TI] IBO PAH
(r. IleTponaB/oBCK-KaMuaTckyil) B 2018 rogy U3 TUAPO-
TepMaJIbHOIO PACcTBOpa CKBa’KUH MyTHOBCKOH reoTep-
MaJIbHOM 371eKTPOCTAHIIUHU I10 MeTOAKKe, IIPUBeleH-
HOM B paboTax [1-3].

hydrothermal silica in a single scale
of nanoparticle concentrations dur-
ing dark laboratory germination.

MATERIALS AND RESEARCH

Germination of seeds was car-
ried out in the dark according to
GOST 12038-84 "Seeds of agricultural
crops. Methods for determining

Pabouuy BogHBIHN 30/1b [THK KOHLIeHTpaLHuu 2,5%
TOTOBHJIM 3apaHee pa3baBleHHeM JUCTUIIHPOBAHHOM
BOZIOM M3 MCXOJHOI0 BOJHOIO 37,5%-HOr0 KOHLIEHTpPAaTa
I'HK.

[lepen Havya/lIoOM KaskAOTO SKCIePHMEHTA C ceMe-
HaMU KOHKPEeTHOH Ce/IbCKOX035HCTBEHHOM KY/IbTYPhl
U3 2,5%-Horo pa6oqero BogHoOro 30/ THK roToBUIM CBe-
JKHe BOJHBIE 30/ HaHOKpPeMHe3eMa Ha JUCTHIINPO-
BaHHOMU BOJle yKa3aHHBIX KOHII@HTPaLlU /11 OIILITOB.
IIpuroroBieHHbIe BogHbIe 3011 THK pa3HbIX KOHIIEH-
TPalLlMH MCII0Ib30BA/IM B 3KCIIEPMMEHTaX Ha IIpefIIo-
ceBHYI0 06paboTKy ceMsH Cpa3y I10C/Ie IPUTOTOBJIE-
HUs B TedeHHe He bosee 30 MUH.

Ha puc.1 mokasaHo pacrpejeseHre HaHOYACTHUI]
KpeMHe3eMa, II0JIy4YeHHOe C IIOMOIIbI0O MeToa JHUHA-
MHYeCKOTO CBeTOpacCcesiHU . IIepBBI MUK COOTBET-
CTBYeT MaKCHMMajJbHOMY paclipefe/eHHUI0 HaHOYa~
CTHII, BTOPOM ITHK 06ycI0BIeH 06pa3oBaHHEM arpe-
raTOB HAaHOYACTHIL B JUCIEPCHON HaHOCHUCTeMe.
MoganbHbIA TUAPOAUHAMUYECKHUH JTHAMETP YaCTHI]
I'HK MCXOOHOro KOHIIeHTpaTa H ero 2,5%-Horo 3074,
HCII0/Ib3yeMOro B paboTe, cocTaBisieT 9 HM (M3Mepe-
HUS npoBeieHbl B HUIT "KypuaTOBCKUM HHCTUTYT').

Cormacuo I'OCT 12038-84 sHeprui mnpopac-
TaHHUS MU BCXOXECTh CeMSH OIpeleNsliu B Cle-
AyIOIlHe CPOKH: KJIeBep JIYTOBOM - Ha 3 CYTKHU
(3Heprus HmpopacTaHUs) U 7 CYyTKU (BCXOXKeCTh),
KOpPHaHADP - Ha 6 U 15 CYyTKH COOTBETCTBEHHO,
JIOLlepHA U3MeHYHBas ~ Ha 4 U 7 CYTKH, OBCIHHIIA
nyrosas U ¢ecTynoauyM - Ha 5 1 10 CyTKH, IoJ1e-
BHIla - Ha 7 U 14, parc - Ha 3 U 7, peguc - Ha 3 U 6,
CBeKJia cTosioBas — Ha 5 1 10, cos - Ha 3 ¥ 7 CyTKHU COOT-

23-24 °C and threefold repetition
was applied. Pre-sowing treatment
with hydrothermal silica nanopar-
ticles was carried out by soaking
the seeds for 2 hours in distilled

germination" and COST 22617.2-94

METHODS

In accordance with the experimen-
tal work purpose the germination
of 11 agricultural crop seeds (vege-
tables, oilseeds, fodder, medicinal),
differing in biological characteris-
tics, genetic nature, chemical and
physicochemical composition and
structure of seeds and their peels
have been studied for various pur-
poses. In total, 15 genotypes have
been studied, including different
species, varieties and hybrids.

"Sugar beet seeds. Methods for
determining germination, mono-
germity and good quality" as
amended: a mineral wool substrate
was used instead of filter paper.
GCermination was carried out in a
synergotron chamber - an experi-
mental model of the IDS 1.01 model
(developed by the Institute for
Development Strategies). Watering
was carried out with distilled
water as the substrate dried up.
Germination temperature was
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water (control) and in aqueous sols
of hydrothermal nanosilica (HNS)
of various concentrations (0.05%,
0.01%, 0.005%, 0.001%, and 0005%).
Soybean seeds were an exception
where soaking was carried out for
15 minutes. In the course of prelimi-
nary experiments it was found that
a further increase in duration of
soaking does not lead to an increase
in the amount of the aqueous solu-
tion with the preparation absorbed
by the seeds, while the integrity
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BeTCTBeHHO. CeMeHa CBeKJIbl CAXapHOM IIpopallBaIK
cornacHo 'OCT 22617.2-94 B TeyeHue 4 CYyTOK [JIs1 OIIpe-
Ie/leHH sl SHePT UK IIPOpPacTaHUs U 10 CyTOK — BCXOKe-
cTHu. IIo HOBOI KOPMOBOM KYJIbBType, HYTy abUCCHUH-
ckomy, TOCT Ha mpopacTaHue elle He pa3paboTaH,
[I09TOMY ITIOCeBHBIe CBOKCTBA B 9KCIIEPHMEHTe OIlpe-
IeJIslIH 110 AHAJIOTUU C APYTUMHU OBICTPO BCXOXKHUMHU
CeMeHaMH -~ Ha 3 ¥ 7 CyTKH.

TaK KaK I1e/IbI0 HaCTOsIIIe N PaboThl SIBISIOCH CPaB-
HeHHe 3G PeKTOB IUJPOTePMaJbHOTO0 HAHOKpeMHe-
3eMa Ha 11 CeJIbCKOX035HMCTBEHHBIX KYJIbTYpPax, TO
BCe JIaHHBIE 10 II0OCeBHBIM CBOMCTBAM CeMsIH Iepe-
CYUTAHBl B OTHOCUTE/IbHbIE BeJIUYHUHBI —~ H3MeHe-
HHe (nprbaBKa) SHEPrUHU IIPOPACTAHUS U BCXOXKECTH
B % I10 OTHOIIEHMIO K KOHTPOJIIO 10 TAHHOM KY/IbType
(T.e. BapuaHTy 6e3 06paboTku ['HK). Takum obpa3som,
CTAaHOBUTCSI BO3MOKHBIM COIIOCTAaBJIeHHE, aHATU3
IOJIyYeHHBIX B 3KCIIEPHMEHTe JAHHBIX 10 Pa3HbIM
KyJIBTypaM.

BcXOKeCTb MCII0/Ib30BAHHBIX B 3KCIIEPUMEHTe
HCXOIHBIX CeMSIH (KOHTPOJIb) COCTAB/ISA/IA 10 PA3HBIM
KyabTypaM oT 51,4% (kneBep, copT Mapc) mo 98,1%
(penuc, copt IO6UNENHEIN), B 3HAUUTENBHO 60/b-
IeM AHAIa30He U3MeHS/IaCh 3HEPrusi IIPOPacTaHUS
(Tabm.1). Bce maHHBIe, IIpeACTaBlIeHHbIe B pa3jele
"Pe3ynbTaThl U UX 00Cy>KeHHUe", IPUBOLSTCS B CPaB-
HeHHUHU C YKa3aHHBIM KOHTPOJeM B OTHOCUTEeTbHBIX
eqUHULAX (B %).

PE3Y/IbTATbI U UX OBCYXXAEHUE

[IpuMeHeHHe HAHOPAa3MepPHOIO KpeMHe3eMa IIpHU
[IPOPALIMBAHUU CEMSH B 3KCIIEPUMEHTE I103B0JIKUJIO0
YBeJIUYHUTh SHEePTHUI0 IIPOPACTAHUS CeMSIH MaKCH-
MapHO Ha 10,5% 110 CpaBHEHHIO C KOHTpoJeM (cos,
copT A/leHa). B To >ke BpeMsi 10 PSIAY KYJIBTYp IPUPOCT
SHEPruHU NIPOpPacTaHUs CeMsIH He ITpeBbIIIa 1% (parc,
copTa AHTapec U PaTHUK; JloLepHa, copT CeseHa,
KJIeBep JyroBoi, copra Mapc u IIaBJIOBCKHUH).
Hebo0mbI1011 ypOBEHb IIOBBIIIEHH I BCXOXKECTH XapaK-
TepeH JJI BCeX M3YUYeHHBIX COPTOB pallca U Kje-
Bepa. B To >ke BpeM IOBBIIIEHHEe BCXOKeCTH CeMSH
nioLepHBI (copT CeneHa) cocTaBuio 0,6%, a JTIOLePHE
(copt ITacTbumnas 88) - 1,2%.

BcxoxkecTh ceMsaH npu npuMeHeHunu 'HK yBe-
JIMYMUBAIaCh MAKCUMAJIbHO Ha 8,3% 110 CpPaBHEHHUIO
C KOHTpoJieM (CBeKJa caxapHas, rubpujg Cmena F1).
OmHaKo 10 TeM >Ke KyJIbTypaM, Y KOTOPBIX OTMeUaJIcs
MHHHMAJIBHBIU IPUPOCT 3HEPIruM NPOpacTaHUS
CeMsIH, IIPUPOCT BCXOSKECTH TaK>Ke OB/ MHHHUMAaJIeH
Y He IpeBblman 1% (parmc, copra AHTapec 1 PaTHUK,;
nouepHa, copt CesleHa; KJIeBep JIyroBok, copTa Mapc
u [1aB/lIOBCKUH). B TO >Ke BpeMsi IIOBBIIIIEHHE BCXOXKe-
CTU CeMSsIH noLepHHI (copT CeneHa) coctasuio 0,4%,

Tabauya 1. DHepaust npopacmaxusl U 8CX0XKecmb CeMSIH 8 KOH=
mpoAnbHom eapuaHme (6e3 npumeHerus: FTHK), %

Table1. Germinative energy and germinating ability in the control
variant (without the use of HNS), %

KynbTypa, copt DHeprus BcxoxecTb, %
Crop, variety npopacrtaHus, % Rising
Germination ability, %
energy, %
OBCsIHMLA NyroBas,
copt KBapta 19,0 76,0

Meadow fescue, Kvart

decTynoanym, copt
Annerpo 26,0 78,0
Festulolium, Allegro

CBek/ia caxapHas,
rnépug CmeHa Fl
Sugar beet, hybrid
Smena F1

26,8 76,3

KneBep nyrosou, copt
MaBnoBckmn 16
Meadow clover,
Pavlovsky 16

26,9 59,8

Knesep nyrosou, copT
Mapc 33,3 51,4
Clover, Mars

Cos, copT AneHa

Soy, Alena 322 08

JltouepHa nsmeH4 K-
Bas, copt CeneHa 41,7 77,8
Alfalfa variable, Selena

JliouepHa nsmeH-
ymBas, copT
[MacTbuLHasa 88 449 80,7
Alfalfa changeable,
Pastbischnaya 88

KopuaHap, copT
SHTapb 50,2 93,2
Coriander, Yantar

Hyr AbuccmHckunn,
copT JInnyaHuH
Noug Abyssinsky,
Lipchanin

62,1 93,0

CBekna cTtosioBas,
copt [lemeTpa 79,7 96,8
Beetroot, Demeter

MoneBnLA rMraHT-
ckasi, copt BUK-2 82,0 84,0
Giant bent, VIK-2

Panc, copT PaTHUK

Rape, Ratnik 91,4 92,2
Panc, coptT AHTapec

Rape, Antares 92,4 93,3
Penwnc, copt

tO6bunenHbIn 94,6 98,1

Radish, Yubileiny
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Puc.2. BausHue KoHueHmpauuu N'HK Ha 3Hepzuto npopacma-
HUs ceMsiH peduca, cou, pecmyAaoauyma u Hyza AbUCCUHCKO20
Fig.2. Effect of HNS concentration on the germinative energy of
radish, soybeans, festulolium and Abyssinian nougat seeds

a monepHsl (copT [TacTébumHuas 88) - 1,3%. Y KopuaH-
npa (copt SIHTapsp) mpubaBKa SHEPTUU IPOPACTAHUS
CcoCTaBMJIa MaKCUMYyM 10 5,1%, a npubaBka BCXOKe-
cTu - 110 0,7%.

CymecTBeHHOe ITOBBIIIEHKe YHePrHUH IIpopacTa-
HUS CeMSH IO/ BAUSHHUeM 06paboTKU HAHOYACTH-
LlaMU KpeMHe3eMa (B 6osIbIIer cTelleHH, YeM BCXO0-
5KeCTH) B 9KCIIePHMeHTe ITPOSBUIIOCh, KPOMe KOPHaH-
Ipa, TAKXKe y psifia APYTUX KYIbTypP, 0COOEHHO y Hyra
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Puc.3. BausHue KoHueHmpauuu F’HK Ha ecxoxkecmb ceMsIH cae-
KAbl caxapHol, Gpecmyaoauyma u cou

Fig.3. Influence of HNS concentration on the germinating ability of
sugar beet, festulolium and soybeans

AbuccuHCKOro (CopT JIMITYaHUH) U COU (COPT AJIeHa).
B To >ke BpeMmst THK MOKeT CTUMYIHPOBATh U HoJiblIee
[IOBBIIIEHME [TI0Ka3aTe s BCXO’KeCTH, YeM II0Ka3aTess
3Hepruu npopacTaHus (IpUMep - CBeKJ/Ia caxapHas,
rubpun CmeHa F1; decTynonuym, copT ALIerpo).

Takum o6pa3om, reHeTU4YeCKUN GaKTOP UTPaeT
CyLIeCTBeHHYIO pojib B QOPMUPOBAHUU OT3BIBYM-
BOCTH PacTeHHUH HA IPHMeHeHHe U poTepMallb-
HOTO HaHOKPeMHe3eMa IIpU NPopaliuBaHUU CeMSIH
B TEMHOBOM peskKHMe,

CKPHHHHI CeMSH Pa3sHBIX KYJIBTYP K COPTOB I10 peax-
LMK ITOKa3aTeslel 3HEPrUU M BCXOKeCTH Ha obpa-
6otky T'HK pasHeix KoHIeHTpanu (0,05; 0,01; 0,005;
0,001 1 0005%) mmokasain CyIleCTBOBAHHE HECKOJIb-
KHUX THIIOB TaKMX peakluil. Ha puc. 2-9 npencras-
JleHBI YeTblpe 00061IeHHbIe [Pyl KYIbTYP, Pa3iu-
YAIOUIMXCS 10 TeoMeTpHUYecKkor GopMe OTKIHMKA-0TO-
bpaskeHHs Ha rpaduKe 3aBUCHMOCTH ITOKa3aTess
3HepPruu (BCXOXKeCTH) K KOHTPOJIIO B 3aBUCHMOCTH
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Puc.4. BausiHue KoHueHmpauuu N'HK Ha 3Hepauto npopacma-
HUSI CeMSIH C8eKAbl CMOA0B0U U KopuaHopa

Fig.4. Influence of HNS concentration on germinative energy of
table beet and coriander seeds

OoT KoHUeHTpauuu 'HK B BogHOM 30/1e IIPU IIPeAIIo-
ceBHOM 06paboTke ceMsIH. BKiIloueHHe Pa3HbIX pPacTe-
HHU B I'PYIIIIBI IPOBOJMIIHN ITyTeM BHU3yalHU3aL UM JaH-
HBIX IHarpaMM, OTpaskalomux GOpMBI OTK/IMKA CeMSH
COOTBETCTBYIOIIMX KYAbTYp. [I/Isl aHa/NIM3a BEIOPaHEL
KYJBTYPBL U COPTa, y KOTOPHIX IIpUOaBKa JHEPTHUHU

Puc.5. BausHue koHUueHmpauuu M'HK Ha 8cxoxecmb cemsiH cae-
KAbl CM0A080U U 08CSHUUbI AY2080L

Fig.5. Influence of HNS concentration on the germinating ability of
table beet and meadow fescue

IIpOpacTaHUS U BCXOKECTHU CeMSH IIPpU MPHMeHeHHH
I'HK mpeBhilIajia BeIHYUHY 1%. OTMeTUM, YTO BBIJe-
JIeHHBIE YeTblpe THUIIa PeaKLUU IIPOC/IeKUBAIOTCSI KaK
IIpY aHaJIKM3e SHePruM popacTaHU s, TaK U BCXOKECTH
CeMsIH, OJHAKO I1I0JIHOI'O COBIIAJIeHUS He 06Hapy>1<HBa-
eTcsl. BeposTHO 3T0 CBSI3aHO C T€M, UTO COBOKYIITHOCTD

of soybean seeds is disturbed and
they are easily injured during
sowing.

For all experiments, we used the
initial aqueous HNS sol of 37.5 wt.
% concentration of SiO, nanopar-
ticles obtained by ultrafiltration
methods at the Far Eastern Branch
of the RAS, FSBSI "Research
GCeotechnological Center"”
(Petropavlovsk-Kamchatsky) in
2018 from the hydrothermal solu-
tion of the Mutnovskaya hydro-
thermal power plant wells accord-
ing to the method described in
(1-3].

A working aqueous sol of the
HNS of 2.5% concentration was

prepared in advance from the ini-
tial aqueous 37.5% HNS concentrate
by diluting it with distilled water.

Before the start of each experi-
ment with seeds of a specific agri-
cultural crop, fresh aqueous sols of
nanosilica were prepared out of a
2.5% working aqueous sol of HNS
using distilled water of the indi-
cated concentrations. The prepared
aqueous HNS sols of various concen-
trations were used in experiments
on pre-sowing treatment of seeds
immediately after preparation for
no more than 30 minutes.

Figure 1 shows a distribution
of silica nanoparticles obtained
using the dynamic light scattering

method. The first peak corresponds
to the maximum distribution of
nanoparticles, the second peak is
due to the formation of aggregates
of nanoparticles in a dispersed
nanosystem. The modal hydrody-
namic diameter of the HNS parti-
cles of the initial concentrate and
its 2.5% sol used in the work is 9 nm
(measurements were carried out
at the National Research Center
"Kurchatov Institute").

According to GOST 12038-84,
the germinative energy and seed
germinating ability were deter-
mined in the following peri-
ods: meadow clover - on the 3rd
day (germinative energy) and 7th
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Puc.6. BausHue koHueHmpayuu MHK Ha aHepauto npopacma-
HUSI CEMSTH C8eKAbl CaXAPHOU, NoAeBULbl, 08CSIHULbI NY20801
Fig.6. Influence of HNS concentration on germinative energy of
sugar beet, bent grass and meadow fescue seeds

NposiBIeHUSI OMOXUMHYECKUX (CIeIUPUUHOCTH
Y aKTUBHOCTb GepMeHTOB), bropr3HvIecKUX (CTPYKTypa
CeMeHH), XUMHYeCKHX (XUMHUUeCKHH COCTaB MU TaTe b
HBIX BellleCTB ceMeHU) U PHU3HO0I0ruuecKUX PaKTOpOB
(ocobeHHOCTH IIpOpacTaHHUS) QOPMUPYIOT XapaKTep-
Hble IPU3HAKH "SHEprys [IPOpPacTaHUs" U "BCXOKECTb
ceMsiH" Ha JMarpaMMax, 4To MpUJAeT JOIONTHUTEIb
Hble CyIleCTBeHHBIE OTIMYUS (MEHSIOT PaH>XXHPOBKY
3HaUYMMOCTU GaKTOPOB) HAPSAY CO CIelIuPHUUHOCTHIO
reHoMoB. OHAKO U Y KYJIBTYP C IIPHOABKOM ITOKa3a-
TeJlel SHeprUs IIPpOpacTaHUs U BCXOXKeCTH MeHee 1%
OTMeYaJIUCh CXOAHbIe TeHIeHLUH 110 THUITy OTK/IHKA-
peaxLMu (110 THUITy TPYIIIEL 1 - 10 BCXOXKECTH: Y parica,
COPT AHTapec; TPYIIIIBI 2 — [10 BCXOXKECTH: y parica, CopT
PaTHUK; K/eBepa, copT Mapc; KopuaHApa, COpT SIHTaph;
TPYIIIBL 3 - [10 3HEPIrUH IIPOpPACTAHHUS: KJIeBep, COPT
Mapc; mo BCXOKeCTH: y KjeBepa, COpT I1aBJIOBCKHUM;
CPYIIIBI 4 - [10 SHEPIUH [IPOPACTAHUS: JIIOLIEPHA, COPT
CesneHa; paric, copTa PaTHUK U AHTapec; K/IeBep, COpPT
I1aB/IOBCKMM; TI0 BCXOSKECTH: Y JIFOLIepHBI, copT CesleHa).

Ipynna 1. MakcumanpHas npubaBKa oT IpUMe-
HeHUs [HK HabniogaeTcs B 06/1aCTH HU3KUX U yMe-
PeHHBIX KOHILIeHTPAaLlMH HaHOYACTHI] IO 3HePp-
TUU [IPOpacTaHUs: penuc (CopT KOOUIeNHbIN), HYT
AbuccuHCKRUY (COpT JIMIYaHUH), cos (COPT AlleHa),
dectynonuym (copT Annerpo) - puc.2, mo BCxoxke-
CTH: CBeKJIa caxapHas (copT CmeHa), decTynonuym
(copT Anerpo), cost (copT AneHa) - puc.3.

pynma 2. MakcumanpHas npubaBka OT IIpHUMe-
HeHusd 'HK mperMyiecTBeHHO B JHalla30He BhICO-
KHX U YMEepeHHO BBICOKMX KOHI[eHTpPalLlUl HaHO-
YaCTHI] [I0 3HePrUU IIPOpacTaHUs: CBeKJa CTONO0Bas

day (germinating ability), cori-
ander - on the 6th and 15th days,
respectively, alfalfa changeable - on
the 4th and 7th days, meadow fes-
cue and festulolium - on days 5
and 10, bent grass - 7 and 14, rape-
seed - 3 and 7, radishes - on 3
and 6, table beets - 5 and 10, soy-
beans - 3 and 7 days, respectively.
Seeds of sugar beet were germi-
nated according to GOST 22617.2-94
for 4 days to determine the germi-
native energy and for 10 days - to
determine the germinating ability.
As regards the new fodder culture
of the Abyssinian nougat, the GOST
for germinating ability has not yet
been developed for germination,

therefore, the sowing properties in
the experiment were determined by
analogy with other rapidly germi-
nating seeds -ondays3and7.

Since the purpose of this work
was to compare the effects of hydro-
thermal nanosilica on 11 agricul-
tural crops, all data on the sow-
ing properties of seeds were recal-
culated into relative values - the
change (increase) in germinative
energy and germinating ability in
% relative to the control seeds of a
particular crop (i.e. without HNS
processing). Thus, it becomes possi-
ble to compare and analyze the data
obtained in the experiment for dif-
ferent crops.
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The germinating ability of the
original seeds used in the experi-
ment (control) ranged from 51.4%
(clover, variety Mars) to 98.1% (rad-
ish, variety Yubileiny) for differ-
ent crops; the germinative energy
varied in a much wider range
(Table 1). All data presented in sec-
tion "Results and their discussion"
are compared with the indicated
controls in relative units (in %).

RESULTS AND THEIR DISCUSSION

The use of nanosized silica during
seed germination in the experiment
made it possible to increase the
seed germinative energy by a max-
imum of 10.5% in comparison with
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Fig.7. Influence of HNS concentration on the germinating ability of
bent and alfalfa seeds

(copt lemeTpa), KopuaHAp (copT SHTaps) - pUc.4,
I10 BCXOKECTH: CBEKJIA CTOI0Bas (COpT JlemMeTpa), OBCSI-
HuIA (copT KBapTa) - puc.5.

[pynma 3. MakcuMaabHas npubaBka Habnroga-
eTCs NperMYyILIeCTBeHHO B 00/1aCTH CpeHUX KOH-
neHTpauui FHK (THIKMYHBIEe IPHUMeEPHL I10 3HEPTUHU

MouepHa, copt MactéuiiHas 88
Alfalfa changeable, Pastbischnaya 88
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Fig.8. Influence of HNS concentration on the germinative energy of
alfalfa seeds, Pasture 88 variety

IpopacTaHus: CBekJa caxapHas (rubpunm CmeHa
F1), oBcsHuLa (copr KBapra), moneBuua (Copt
BHK-2) - puc.6; 110 BCXO>KeCTH: ToneBUIa (copT BUK2),
mronepHa (copt [acTbuniHas 88) - puc.7.

I'pymma 4, XapakTepu3yeTcs HaJIMYHeM IBYX BeIpa-
SKeHHBIX MaKCIMYMOB K MUHHMYMOB I10 SHEPT U U IIPO-
pacTaHus: noLepHa (copt [TacTbumiHas 88) - puc.8;
I10 BCXOXKeCTH: HYT AOKMCCUHCKHUI (COPT JIMITYaHUH)
U penuc (copT FObuerHbIk) - puc.9.

3AKNIIOMEHUE

Hcrionb30BaHUe TUIPOTEPMATbLHOIO HaHOKpeMHe-
3eMa B/IHSIET Ha yPOBEeHb M HAIIPABIEHHOCTh MeTa-
6onr3mMa pacTeHHUM, YTO IPUBOAUT K H3MEHEeHHIO

the control (soybean, Alena vari-
ety). At the same time, for a num-
ber of crops, the increase in seed
germinative energy did not exceed
1% (rapeseed, varieties Antares and
Ratnik, alfalfa variety Selena, clo-
ver meadow, varieties Mars and
Pavlovsky). A smalllevel of increased
germinating ability is characteris-
tic of all studied rapeseed and clo-
ver varieties. At the same time, the
increase in the germinating abil-
ity of seeds of alfalfa variety Selena
was 0.6%, and that of alfalfa variety
Pastbishchnaya 88 -1.2%.

The germinating ability of seeds
with the use of HNS increased by a
maximum of 8.3% compared to the

control (sugar beet, hybrid Smena
F1). However, for the same crops,
which showed a minimum increase
in seed germinative energy, the
increase in germinative ability was
also minimal, and did not exceed
1% (rapeseed, varieties Antares and
Ratnik, alfalfa, variety Selena,
meadow clover, varieties Mars and
Pavlovsky). At the same time, the
increase in germinative ability of
seeds of alfalfa, variety Selena,
was 0.4%, and that of alfalfa, vari-
ety Pasturenaya 88 - 1.3%. For cori-
ander, variety Yantar, the increase
in germination energy was up to a
maximum of 5.1%, and the increase
in germination rate was up to 0.7%.

A significant increase in seed
germinative energy under the
influence of treatment with silica
nanoparticles (to a greater extent
than germinating ability) in the
experiment was also manifested,
except coriander, in a number of
other crops, especially Abyssinsky
nougat, Lipchanin variety, and soy-
bean, Alena variety. At the same
time, HNS can stimulate a greater
increase in the germinating ability
than the germinative energy indica-
tor (for example, sugar beet, hybrid
Smena F1, Festulolium, Allegro
variety).

Thus, the genetic factor plays a
significant role in the formation of
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CBOMCTB PacTeHHI. MOKHO IPeZIION0KUTh, YTO MeXa-
HHU3MBI Bo3fercTBus [HK Ha pacTeHus 6ynyTt pasinu-
YaThCs B Pa3HbIe IIEPUOIBI OHTOTeHe3a, B 11e/10M BOIIPOC
0 BIHSHHH HaHOKPeMHe3eMa Ha CTaJHH IIPOpPaIH-
BaHUS CeMSIH B HaCToslIllee BpeMsi ellle MaJio pa3pabo-
TaH. B paboTe BIiepBble [10/1y4eHbl IKCIIePHMeHTaIbHbIe

IAHHBIE I10 OLIeHKe BIHSHUS U POTePMa/IBHOIO HAHO-
KpeMHe3eMa Pa3HbIX KOHLIEHTPALIU L (0,05; 0,01; 0,005;
0,001 u 0,0005%) Ha mpopacTaHue ceMsiH 11 (15 reHo-
THIIOB) CEJTbCKOXO3SICTBEHHBIX PACTEHUH, Pa3Iuya-
IOIIMXCSI I10 XO35IMCTBEHHOMY HCIIONIb30BaHUIO, 610~
JIOTUYeCKUM CBOMCTBAM, OOXHMMHUYECKOMY COCTABY
U OU3HUKO-XHUMHUUYECKOH CTPYKType CeMeHHOTIOo
Marepuaa.

YCTaHOB/IEHO YeThIpe THUIIA PeaKIMHU TeMHOBOTO
NpPOpPaCcTaHUS CeMSH Ha BO3[EHCTBHE HAHOYACTHUI]
TUIPOTEPMAJIBHOIO KpeMHe3eMa B JUAIa30He KOHLIeH-
Tpauui ot 0,0005 1o 0,05%. [laHHbIe 3aKOHOMEPHOCTH
XapaKTepHBI KaK [JIs [T0Ka3aTesIs 'SHePrHs IIpopacTa-
HUS CeMSH', TaK U AJ14 [I0Ka3aTeIs 'BCXOXKeCTh CeMsH',
OJHAKO OHH He BCerJa COBIALAIOT /IS OJHOM U TOH Ke
KyJIBTYPbl. TAKHUM 06pa30oM, TeHeTHYeCKHU I U JITUTeHe-
THYecKHe GaKTOPHl XUMHYECKOr0, 6HOXHMHYECKOTO
U U3UKO-XUMHUYECKOro U 6rodusryeckoro (CTpyK-
Typa KOHKPETHBIX CeMSIH) COCTaBa PAaCTeHUI UTPAIOT
CYIIeCTBEeHHYIO PO/Ib B GOPMHUPOBAHUH OT3BIBYUBOCTH
KOHKPeTHBIX CeMSIH PACTeHHI Ha BO3/IeHCTBHE HAHO-
YaCTHIL KpeMHe3eMa IPHUPOJHOI0 IIPOUCXOKIEHHU S
Pa3TUYHBIX KOHIIEHTPALIUI NIPU ITPeITIOCeBHOM 06pa-
60TKe ceMsH.

I[Tony4yeHHBIe B UCCIeJOBAHUU JaHHBIE MOTYT OBITh
[10JIe3HBI [IJI IIOHUMaHUs MeXaHKU3MOB BO3/IeCTBH
HAHOYACTHI] Ha 3Talle IIPOPACTAHUSI CeMSH AJIS [10CIIe-
OYIOIIEro UCII0Nb30BaHHUSI B pa3paboTke OHMOTEXHONIOTME
IIpe/ITIOCeBHON 06paboTKU ceMsIH B PaCTeHHEBOJCTBE
OTKPBITOTO U 3aLIUIIEHHOT0 IPYHTa, a TaKKe IOIyye-
HHUS HOBOT'O BHJIA [THUINEBOK ITPOAYKIIMH — IIPOPOCTKOB
CeMSIH U MHKPO3eJIeHH.

plant response to the use of hydro-
thermal nanosilica during seed ger-
mination in the dark mode.
Screening of seeds of different
crops and varieties according to the
reaction of energy and germinating
ability indicators to the treatment
with HNS of different concentra-
tions (0.05%, 0.01%, 0.005%, 0.001%
and 0005%) showed existence of sev-
eral types of such reactions. Figures
2-9 show four generalized groups
of crops, differing in the geomet-
ric form of the response-display on
the graph illustrating dependence
of the energy indicator (germinat-
ing ability) to the control, depend-
ing on the concentration of HNS in

the water sol during presowing seed
treatment. Different plants were
distributed among groups by visu-
alizing these diagrams reflecting
the response forms of the seeds of
the corresponding crops. Selected
for the analysis were those crops
and varieties in which the increase
in germinative energy and seed
germinating ability, when using
HNC, exceeded 1%. We note that
the identified four types of reac-
tions can be traced both in the
analysis of the germinative energy
and germinating ability, however,
complete coincidence is not found.
This is probably due to the fact that
the totality of manifestations of
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biochemical (specificity and activ-
ity of enzymes), biophysical (struc-
ture of the seed), chemical (chem-
ical composition of seed nutri-
ents) and physiological factors (fea-
tures of germination) form the
characteristic signs of "germina-
tive energy" and "germinating abil-
ity" on the diagrams, which adds
significant differences (change
the ranking of the significance of
factors) along with the specific-
ity of genomes. However, in crops
with an increase in indicators of
the germinating ability and ger-
minative energy of less than 1%,
similar tendencies were observed
in the type of response-reaction
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(according to the type of group 1in
germination - in rapeseed, variety
Antares, in group 2 - in germina-
tion - in rape, variety Ratnik, clo-
ver, variety Mars, coriander, vari-
ety Yantar, groups 3 - by germina-
tion energy - clover, variety Mars,
by germination - by clover, variety
Pavlovsky, group 4 - by germina-
tion energy - alfalfa, variety Selena,
rape, variety Ratnik and rape, vari-
ety Antares, clover, Pavlovsky vari-
ety, by germination rate - in alfalfa,
Selena variety).

Group 1. The maximum increase
after use of HNS is observed in the
area of low and moderate concen-
trations of nanoparticles in terms

of germinative energy: radish
(Yubileiny variety), Abyssinsky nou-
gat (Lipchanin variety), soybean
(Alena variety), festulolium (Allegro
variety) - Fig.2, according to the ger-
minating ability: sugar beet (hybrid
Smena F1), festulolium (Allegro vari-
ety), soybean (Alena variety) - Fig.3.

Group 2. The maximum increase
after use of HNS mainly in the range
of high and moderately high con-
centrations of nanoparticles in
terms of germinative energy: table
beet (Demetra variety), coriander
(Yantar variety) - Fig.4, according to
the germinating ability: table beet
(Demetra variety), fescue (Kvart vari-
ety) - Fig.5.

Group 3. The maximum increase
is observed mainly in the area of
average concentrations of HNS
(typical examples of germina-
tive energy: sugar beet (hybrid
Smena F1), fescue (Kvart variety),
bent grass (VIK-2 variety) - Fig.6.
according to the germinating abil-
ity: bent VIC-2), alfalfa (Pasture 88
variety) - Fig.7.

Group 4. It is characterized by the
presence of two pronounced max-
ima and minima of the germinative
energy - alfalfa (Pastbishnaya 88
variety) - Fig.8, according to the ger-
minating ability - Abyssinsky nou-
gat (Lipchanin variety) and radish
(Yubileiny variety) - Fig.9.
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CONCLUSIONS

The use of hydrothermal nanosil-
ica affects the level and direction of
plant metabolism, which leads to
a change in plant properties. It can
be assumed that the mechanisms
of the HNS effect on plants will dif-
fer in different periods of ontogen-
esis. In general, the question of the
effect of nanosilica on the stage
of seed germination is still poorly
developed. In this work, for the
first time, experimental data were
obtained on assessing the effect of
hydrothermal nanosilica of differ-
ent concentrations (0.05%, 0.01%,
0.005%, 0.001% and 0.0005%) on seed
germination of 11 (15 genotypes)

agricultural plants differing in eco-
nomic use, biological properties,
biochemical composition and physi-
cochemical structure of the seed.
Four types of reaction of dark ger-
mination of seeds to the effect of
hydrothermal silica nanoparticles
in the concentration range from
0.0005% to 0.05% have been estab-
lished. These patterns are typical for
both the "seed germinative energy"
and "seed germinating ability" indi-
cator, but they do not always coin-
cide for the same crop. Thus, the
genetic and epigenetic factors of the
chemical, biochemical and physico-
chemical and biophysical (structure
of specific seeds) plant composition
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play a significant role in the for-
mation of the response of specific
plant seeds to the effect of natural
silica nanoparticles of various con-
centrations during pre-sowing seed
treatment.

The data obtained in the study
can be useful for understanding
the mechanisms of the effect of
nanoparticles at the stage of seed
germination, as well as for subse-
quent use for the development of
biotechnologies for pre-sowing seed
treatment in the open and protected
ground crop production, as well
as for obtaining a new type of food
products - seed sprouts and micro-
greens. |
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B yiebHOomM NOCOBKKM, COCTORLLEM W3 BEEASHWA M 1] race, 060BLWEHE PEIYALTATH MCCASAD-
BAHKM, NOCBALLEHHBLIX DA3IAMYHBIM ACNEKTAM BHMOAKTHMBHEIX M ASKAPCTEEHHLIX HOHOKOMMO3MTHBIX
cucTem. BOABLLOE BHUAMOHKME YASAEHO OCOBEHHOCTAM CHHTE3O M TOMY HOBOMY, YTO AQET HAHO-
paimep oDOLEKTOB B NPOTEKAHMKM B HMX PAZAMYHEIE COMIMKO-XMAMMHECKMX NRPOUECCOB, Kpome Toro,
CABAQHO NOMNBITKA CMCTEMATHIMPOBATE METOALI CHHTEIA, NPMBOAALLME K NOAYHEHMIO COBAMHEHMIA
DA3AMYHOTO KAQCCd. NoadepkMBaeTcs, YT0 2D EKTMBHOCTE AEKQPDCTEEHHLIX BELECTE M WX dhap-
MOKOAQTMHECKWE CRBOMCTBA BO MHOMOM 3QBUCAT OT KPUCTOAAMYECKON CTRYKTYREI, B HOCTHOCTH OT
MNEMCYTCTEMA TEX MAM MHEIX NOAMAMODCHBEIX MOAMGOMEQUMM MAKM GMOPMdHOro cocToaHmi. MNepso-
OHEPEAHOE HOYEHME MMEET DOIMED HOHOYOCTHLL TOK KOK MOABIM HOCTHLLOM NIPOLLLE NPE0ACASBEOTE
IAWMTHEIE BOpLERE OPIOHMIMA YEADBEKO M KMBOTHEIX, MDOHKMKATE B KAETKM M HOKQMNAMBOATLCA
B TKOHAX.

Bce raqsbl HOMMCAHBI TEYNMNAMKM HAYYHBIX COTPYAHWKOB, GKTMBHO pADOTOOLLMX B DO3HbIX
oBAQCTAX HOHOBMOMEAMLUMHEL Hapaay C 0B300HBIM MOTERHMAAOM, M3AQIQIOTCA M ORMIMHOABHLIE
MCCAEBAOBAHMA QBTOROE, 0BOBLLaDWME 1MX pABOTh 30 HECKOABKD NOCAEAHKMX AeT. [peasaraesmasn
KHIMIa BYAST NOAS3HBIM YHEDHBIM 1 YHEBHO-HAYYHEIM NOCOBMEM AAR YUTATEASH LUMPOKOTO KpYra
MHTEPECOB OT CTYASHTOBR M QCNMPOHTOR AC NPENCACQBATEASH WM HAYYHEIX COTRPYAHMKOB, MHTE-
PECYIOWMXCA PA3AMYHBIMM QCNEKTAMM TEODRKK M NDAKTMKK HAOHOPAIMEDHLIX BUMOAKTHBHEIX
M AGKOPCTEEHHLIX BELWECTB.
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